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(54) QPSK modulated backscatter system 

(57) A duplex radio communication system com- 
prises an Interrogator (103) which generates a radio 
signal to at least one remote Tag (105-107). The remote 
Tag receives the radio signal. The Tag then generates a 
subcarrier signal, and using Quadrature Phase Shift 
Keying (QPSK), modulates an information signal onto 
the subcarrier. A Backscatter Modulator, using this mod- 
ulated si&carrier, modulates the reflection of the radio 
signal, the reflected signal being a reflected modulated 
signal. The Interrogator (103) receives and demodu- 



lates the reflected modulated signal to obtain the infor- 
mation signal. In one embodiment, demodulation 
utilizes a homodyne detector. In another embodiment, 
the Interrogator modulates an information signal onto 
the radio signal, transmits that modulated radio signal to 
the Tag, and the Tag demodulates that modulated radio 
signal to recover the information signal. In another 
embodiment higher order phase modulations are used 
to modulate an information signal onto the subcarrier. 
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Related Applications 

Related subject matter is disclosed in the following 
application filed concurrently herewith and assigned to 
the same Assignee hereof: U.S. patent applications 
"Shielding Technology In Modulated Backscatter Sys- 
tem". Serial No. _j "Encrpytion for 

Modulated Backscatter Systems", Serial No. 

; "Antenna Array In An RDID 

System", Serial No. ; "Modulated 

Backscatter Location System/ Serial No. 

; "Modulated Backscatter Sensor 

System", Serial No. ; "Subcarrier 

Frequency Division Multiplexing Of Modulated Back- 
scatter Signals", Serial No. ; "|Q 

Combiner Technology In Modulated Backscatter Sys- 
tem", Serial No. ; "In-Building 

Personal Pager And Identifier. Serial No. 
; "In-Building Modulated Back- 
scatter System", Serial No. ; 

"Inexpensive Modulated Backscatter Reflector, Serial 

No. ; "Passenger, Baggage, And 

Cargo Reconciliation System", Serial No. 

. Related subject matter is also 

disclosed in the following applications assigned to the 
same assignee hereof: U.S. patent application 
08/504188, entitled "Modulated Backscatter Communi- 
cations System Having An Extended Range"; U.S. Pat- 
ent Application Serial No 08/492,173, entitled "Dual 
Mode Modulated Backscatter System"; U.S. Patent 
Application Serial No. 08/492,174, entitled "Full Duplex 
Modulated Backscatter System"; and U.S. Patent Appli- 
cation Serial No. 08/571,004. entitled "Enhanced Uplink 
Modulated Backscatter System". 

Background of the Invention 

1. Field of the Invention 

This invention relates to wireless communication 
systems and, more particularly, to a wireless communi- 
cation system using modulated backscatter technology. 

2. Descripti on of the Related Ait 

Radio Frequency IDentifbation (RFID) systems are 
used for identification and/or tracking of equipment 
inventory, or living things. RFID systems are radio com- 
munication systems that communicate between a radio 
transceiver, called an Interrogator, and a number of 
inexpensive devices called Tags or transponders. In 
RFID systems, the Interrogator communicates to the 
Tags using modulated radio signals, and the Tags 
respond with modulated radio signals. The Interrogator 
first transmits an amplitude modulated signal to the Tag. 
Then, the Interrogator transmits a Continuous-Wave 
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(CW) radio signal to the Tag. The Tag then modulates 
the CW signal using Modulated BackScattering (MBS) 
where the antenna is electrically switched, by the 1 Tag's 
modulating signal, from being an absorber of RF radia- 

5 tion to being a reflector of RF radiation; thereby encod- 
ing the Tag's information onto the CW radio signal. The 
Interrogator demodulates the incoming modulated radio 
signal and decodes the Tag's information message. 
MBS systems typically utilize amplitude modulated 

10 techniques for communications from the Interrogator to 
the Tag. For Tag to Interrogator MBS communications, 
prior art maintains the use of Frequency Shift Keying 
modulation techniques. Prior art also maintains base- 
band homodyne detection of the MBS signal at the 

is interrogator; however baseband homodyne detection 
suffers from oscillator phase noise, large DC offsets, 
and mixer noise. 

Summary of the Invention 

20 

In an embodiment of this invention, we disclose 
techniques tor utilizing Quadrature Phase Shift Keying 
(QPSK) in an MBS system; we also disclose techniques 
for extending QPSK to higher orders of phase modula- 
25 tion. 

In accordance with an embodiment of the present 
invention, a duplex radio communication system com- 
prises an Interrogator which generates a radio signal to 
at least one remote Tag. The remote Tag receives the 

30 radio signal. The Tag then generates a subcarrier sig- 
nal, and using Quadrature Phase Shift Keying (QPSK), 
- modulates an information signal onto the subcarrier. A 
Backscatter Modulator, using this modulated subcarrier, 
modulates the reflection of the radio signal, the reflected 

35 signal bang a reflected modulated signal. The Interro- 
gator receives and demodulates the reflected modu- 
lated signal to obtain the information signal. In one 
embodiment demodulation utilizes a homodyne detec- 
tor. In another embodiment the Interrogator modulates 

40 an information signal onto the radio signal, transmits 
that modulated racfio signal to the Tag. and the Tag 
demodulates that modulated radio signal to recover the 
information signal. In another embodiment, higher order 
phase modulations are used to modulate an information 

45 signal onto the subcarrier. 

Brief Description of the Drawing 

FIG. 1 shows a block diagram of an illustrative 
so Radio Frequency Identification (RFID) system; 

FIG. 2 shows a block diagram of an illustrative Inter- 
rogator Unit used in the RFID system of FIG. 1 ; 
FIG. 3 shows a block diagram of a Tag Unit used in 
the RFID system of FIG. 1 ; 
55 FIG. 4 shows a block diagram of a Differential 
Quadrature Phase Shift Keying (DQPSK) base- 
band encoder process; 

FIG. 5 shows a logic diagram of an illustrative exter- 
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nal MBS subcarrier modulation circuit; 

FIG. 6 illustrates the four phases of the sub-carrier; 

and 

FIG. 7 shows a logic diagram of a Gate Array 
DQPSK receiver. 5 

Detailed Description 

One class of RFID applications involves using RFID 
technology to read information from a Tag affixed to a 10 
container or pallet In this application, the container is 
moved across the reading field of an interrogator. The 
reading field is defined as that volume of space within 
which a successful communication can take place. 
While the Tag is in the reading field, the Interrogator and 15 
Tag must complete their information exchange before 
the Tag moves out of the field. Since the Tag is moving 
through the reading field, the RFID system has only a 
limited amount of time to successfully complete the 
transaction. 20 

With reference to FIG. 1 , there is shown an overall 
block diagram of an illustrative RFID system useful for 
describing the application of the present invention. An 
Application Processor 101 communicates over Local 
Area Network (LAN) 102 to a plurality of Interrogators 2s 
103-104. The Interrogators may then each communi- 
cate with one or more of the Tags 105-107. For exam- 
ple, the Interrogator 103 receives an information signal, 
typically from an Application Processor 101. The Inter- 
rogator 1 03 takes this information signal and Processor 30 
200 (FIG. 2) properly formats a downlink message 
(Information Signal 200a) to be sent to the Tag. The 
information signal (200a) information such as informa- 
tion specifying which Tag is to respond (each Tag may 
have fixed or programmed identification number), ss 
instructions for the Tag's processor to execute or other 
information to be used and/or stored by the Tag's proc- 
essor. With joint reference to FIGS. 1 and 2, Radio Sig- 
nal Source 201 generates a radio signal, the Modulator 
202 modulates the Information Signal 200a onto the ao 
radio signal, and the Transmitter 203 sends this modu- 
lated signal via Antenna 204, illustratively using ampli- 
tude modulation, to a Tag. Amplitude modulation is a 
common choice since the Tag can demodulate such a 
signal with a single, inexpensive nonlinear device (such 45 
as a diode). 

In the Tag 105 (see FIG. 3), the Antenna 301 (fre- 
quently a loop or patch antenna) receives the modu- 
lated signal. This signal is demodulated, directly to 
baseband, using the Detector/Modulator 302, which, so 
illustratively, could be a single Schottky diode. The 
diode should be appropriately biased with a current 
level so that the impedance of the diode matches the 
impedance of the Antenna 301 such that losses of the 
radio signal are minimized. The result of the diode ss 
detector ts essentially a demodulation of the incoming 
signal directly to baseband. The Information Signal 
200a is then amplified, by Amplifier 303, and synchronic 
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zation recovered in Clock and Frame Recovery Circuit 
304. The Clock Recovery Circuit 304 can be enhanced 
by having the Interrogator send the amplitude modu- 
lated signal using Manchester encoding. If large 
amounts of data are being transferred in frames, frame 
synchronization may be implemented, for example, by 
detecting a predetermined bit pattern that indicates the 
start of a frame. The bit pattern may be detected by 
clock recovery circuit (304) or processor (305). Bit pat- 
tern detection is well known in the art. The resulting 
information is sent to a Processor 305. The Processor 
305 is typically an inexpensive 4- or 8-bit microproces- 
sor and its associated memory; the Clock Recovery Cir- 
cuit 304 can be implemented in an ASIC (Applied 
Specific Integrated Circuit) which works together with 
Processor 305. This Processor 305 can also serve as 
the driver for an optional Display Unit 309 should this 
Tag require a display. The Processor 305 generates an 
Information Signal 306 based on the particular program 
being executed by processor 305. Signal 306 is eventu- 
ally communicated from the Tag 1 05 back to the Interro- 
gator (e.g., 103). This Information Signal 306 is sent to 
a Modulator Control Circuit 307, which uses the Infor- 
mation Signal 306 to modulate a subcarrier frequency 
generated by the subcarrier Frequency Source 308. 
The Frequency Source 308 could be a crystal oscillator 
separate from the Processor 305, or it could be a fre- 
quency source derived from signals present inside the 
Processor 305 - such as a divisor of the primary clock 
frequency of the Processor. The Modulated Subcarrier 
Signal 31 1 is used by Detector/Modulator 302 to modu- 
late the modulated signal received from Tag 105 to pro- 
duce a modulated backscatter (e.g., reflected) signal. 
This is accomplished by switching on and off the 
Schottky diode using the Modulated Subcarrier Signal 
311, thereby changing the reflectance of Antenna 301. 
A Battery 310 or other power supply provides power to 
the circuitry of Tag 1 05. Power may also be received, for 
example, by using inductive coupling on microwaves. 

Modulation 

There are a variety of techniques for using MBS to 
send information from the Tag to the Interrogator. In 
some MBS technologies, the Modulator Control Circuit 
307 of the Tag generates an amplitude modulated sig- 
nal modulated at an Information Signal 306 frequency 
/ 2 . If the Radio Signal Source 201 generates a CW fre- 
quency / c , then the Interrogator receives signals at f c 
whose bandwidth is 2/ 2 and filters signals outside of 
this bandwidth range. This approach could be termed 
the "MBS at baseband" approach. 

Another approach would be for the Tag to generate 
a subcarrier frequency f e . generated by Frequency 
Source 308. as shown in FIG. 3. The information could 
be conveyed using AM, FSK or Phase Shift toying 
(PSK) by modulating the subcarrier with a frequency of 
f e with the Information Signal having a primary fre- 
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qi> ?y f 2 306. The Interrogator receives signals at f c 
whovW bandwidth is 2/ 2 but at a frequency f 3 away 
from f c . This method is termed "MBS of a subcarrier". 

In a Binary PSK (BPSK) system the phase of the 
subcarrier transitions nominally between 0 and 180 
degrees. We disclose here specific techniques to apply 
Quadrature PSK (QPSK) to MBS systems. Based upon 
this disclosure, general levels of phase modulation are 
possible (such as MPSK), or other complex modulation 
schemes such as Differentially-encoded BPSK 
(DBPSK) or Differentially-encoded QPSK (DQPSK). 

When the Tag detects the presence of the Interro- 
gator downlink signal it responds by transmitting its 
RFID data. In one embodiment the Tag differentially 
encodes the uplink data and uses the differentially 
encoded data to QPSK modulate the subcarrier. The 
QPSK modulated a subcarrier 311 modulates the 
reflected CW signal, which has a frequency f G by 
changing the reflectance of antenna 301 using signal 
311. FIG. 4 shows the baseband encoding algorithm for 
DQPSK The data bits, at rate f 2 (for example, 100k 
bit/sec, are taken two at a time, Gray encoded, and then 
the Gray encoded bits G, and Gq are added to the pre- 
vious phase of the QPSK modulated signal; the result is 
the present phase of the baseband DQPSK signal. Gray 
encoder 410 does a simple conversion in accordance 
with the following: IQ = 00 -> GjGq = 00; IQ = 01 
G,Gq = 01;IQ = 10^G|Gq= 11; IQ= 11 ->G|Gq= 10. 
The outputs, GjGq of Gray encoder 41 0 are provided to 
phase adder 420. Phase adder 420 simply does a mod- 
ule 2 addition of GjGq and the present value of Gi'Gq to 
produce the new value of G\Gq. For example if G,Gq = 
1 1 and the present value of G|'Gq' = 01 the new value of 
GiGq = 00. The information signal (306) is used to mod- 
ulate the subcarrier which has a frequency f s (for exam- 
ple 250 kHz); the Modulated Subcarrier Signal 31 1 is 
used to control the reflectivity of the Detector Modulator 
302 thereby sending a CW signal (having frequency / c ) 
that has been modulated by the DQPSK modulated 
subcarrier back to the Interrogator. For QPSK systems 
the Interrogator receives signals at f c whose bandwidth 
is / 2 but at a frequency f 3 away from f c . 

There are at feast two ways in which to modulate 
the subcarrier 31 1 . The first method derives the subcar- 
rier from the microprocessor crystal circuit (312) and is 
generated internally by the microprocessor 305. Here 
the DQPSK data is stored as a phase ''word" inside the 
microprocessor memory. During uplink transmission the 
word representing the current data bit is written to a 
external Port to produce 306 which controls the back- 
scattering modulator 307. The word is shifted out the 
Port at twice the subcarrier frequency rate thereby pro- 
ducing the desired subcarrier frequency f s . For exam- 
ple, to get a square wave of frequency f 8 , an alternating 
1.0 pattern is written to the port at a rate of 2f B . The 
number of cycles in which the word is shifted out of the 
Port produces the desired channel symbol rate of the 
DQPSK modulated uplink signal. (This is half the chan- 



nel symbol rate of BPSK and resulting in the channel 
bandwidth f 2 described above.) 

The second method for generating the modulated 
uplink is to generate the subcarrier frequency external 

s to the microprocessor 305. In one embodiment, FIG. 5, 
a 4-to-1 multiplexor 503 is used as the QPSK modulator 
control 307. The multiplexor selects the phase of the 
subcarrier 31 1 by the current value of G,' and Gq\ writ- 
ten to the select lines of the multiplexor from the proces- 

io sor port as signal 306. The subcarrier signal can be 
generated from the microprocessor's external crystal or 
clock drcu'rt 312 by connecting a buffer circuit 501 and a 
digital clock divider circuit 502 (if necessary) to the 
microprocessor's clock circuit 312. The two CMIip-flops 

75 comprising clock divider circuit 502 produce the 4 phase 
shifts of the subcarrier signal 504 and multiplexor 503 
selects one of the 4 phases based on the signals G{ 
and Gq* which are presented at multiplexor 503's select 
inputs. FIG. 6 illustrates the relationship between the 

so output of buffer 501 and the outputs of the two O-fGp- 
f tops. The subcarrier signal 504 is phase modulated by 
the multiplexor circuit 503; thereby producing the sec- 
ond information signal. 

The methods described above for either internally 

25 or externally generating the modulated subcarrier signal 
31 1 are extendible to M-ary Phase Shift Keyed modula- 
tion. For example, DMPSK requires that the data bits be 
Gray encoded M bits at a time and the digital clock 
divider will need additional stages to produce the M 

30 phase shifts of the subcarrier signal; an M-to-1 multi- 
plexor is used as the modulator controller 307. 

Receiver 

35 Returning to FIG. 2, the Interrogator 103 receives 
the reflected and modulated signal with the Receive 
Antenna 206, amplifies the signal with a Low Noise 
Amplifier 207, and demodulates the signal using homo- 
dyne detection in a Mixer 208 down to the Intermediate 

40 Frequency (IF) of the single subcarrier f 3 . (In some 
Interrogator designs, a single Transmitter 204 and 
Receive 206 Antenna is used. In this event an elec- 
tronic method of separating the transmitted signal from 
that received by the receiver chain is needed; this could 

45 be accomplished by a device such as a Circulator.) 
Using the same Radio Signal Source 201 as used in the 
transmit chain means the demodulation to IF is done 
using Homodyne detection; this has advantages in that 
it greatly reduces phase noise in the receiver circuits. 

so The Mixer 208 then sends a Demodulated Signal 209 - 
if using a Quadrature Mixer, it sends both I (in phase) 
and Q (quadrature) signals - into Filter/Amplifier 210 to 
fater the Demodulated Signal 209. The resulting filtered 
signal - then typically an Information Signal 21 1 carried 

55 on an IF subcarrier - is then demodulated from the sub- 
carrier in the Subcarrier Demodulator 212, which then 
sends the Information Signal 213 to Processor 200 to 
determine the content of the message. The I and Q 
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^annels of Signal 209 can be combined in the Fil- 
ter/Amplifier 210, or in the Subcarrier Demodulator 212, 
or they could be combined in the Processor 200. 

The are several choices for implementing the data 
recovery 212 part of the receiver hardware: conven- 
tional analog l/Q demodulation of the subcarrier signal 
using, e.g., a Costas Loop, Digital Signal Processing 
(DSP) of the sampled subcarrier, or implementing a 
receiver in digital logic. Since minimizing the system 
cost is one objective, one embodiment of this invention 
has been implemented in digital logic. 

The data recovery circuit 212 is implemented in 
Gate Array circuit, FIG. 6. It has two functions: 

1) demodulation of the differentially encoded phase 
shift keyed data (data recovery circuit), and 

2) deriving the received bit clock for the demodu- 
lated data stream (dock recovery circuit). 

The input to the data recovery circuit 212 is the hard lim- 
ited subcarrier 601, which is modulated by differential 
QPSK. The subcarrier 601 is sampled at frequency rate 
F e (for example, 4 MHz) 601a, and is input to a N+2 
stage shift register 602 (in this example, N=80), the N* 1 
stage providing a one symbol delay 603 (the shift regis- 
ter 602 is also clocked at the sampling rate F s ). The 
N+2 stage is designed to advance the Quadrature mod- 
ulated subcarrier signal by 45° 603a and the N-2 stage 
603b is at -45° relative to the subcarrier 601. The sam- 
pled subcarrier 601 is essentially multiplied with each of 
the delayed subcarriers 603a and 603b (using exclu- 
sive-OR gates) 604 and the results are filtered by accu- 
mulator circuits 605, which are the digital equivalent to 
the classic integrate and dump (Matched Fitter) 
receiver, which integrates over one symbol period (in 
the example, one symbol period is N periods of shift 
register 602's clock, where N=80 and F s = 4MHz). The 
output of the accumulators are passed to symbol deci- 
sion comparators 606 and the resulting decision sym- 
bols are the I and Q information symbols bits, which are 
multiplexed (interleaved) to produce the demodulated 
data stream 607. With regard to symbol decision com- 
parators 606, if the output of the accumulator is greater 
than or equal to N/2 (in this example, N/2 = 40) compa- 
rator 606 outputs a 1 , and if the output of the accumula- 
tor is less than N/2, comparator 606 outputs a 0. 

After information bit demodulation, the data clock is 
be generated. The demodulator implements a Maxi- 
mum A Posteriori (MAP) bit timing circuit. The demodu- 
lated data is sent to a bank of correlators 608, each of 
which is testing a different clock phase. The correlators 
measure the alignment of the input data with their clock 
over a B data bit window. The B bit window is 8 data bits 
long in this example; however, larger values of B are 
less sensitive to long strings of 1's or 0's, but require 
more hardware (or software/time) to implement Each 
correlator is made from an irrtegrate-and-dump filter, a 
weighting function that gives higher weight to high sig- 



8 



nal-to-noise data, and an accumulator (that accumu- 
lates over a period of B). A weighting function is not 
required, but it is possible to give higher weight to higher 
correlator outputs and lower weights to low correlator 
s outputs. For example, correlator outputs approaching 
+1 or -1 are multiplied by a factor of 10, and correlator 
outputs approaching 0 are given a value equal to the 
square root of the actual output After B bits have been 
examined, the correlator with the highest accumulator 
io value is found and its associated clock phase 609 is 
used to sample the next B bits of data. The accumulator 
is then reset, and the next B bits are examined. The 
important thing here is that there is no memory from 
one set of bits to the next; every B bits the clock esti ma- 
rs tion circuit generate a new estimate of the best dock 
phase that does not depend on previous estimates. This 
lets us acquire a bit clock quickly - providing a bit clock 
even for modest SNR. Prior art maintains that a Phase 
Locked Loop (either analog or digital) be used in clock 
20 recovery. However, Phase Locked Loops have a mini- 
mum lock-up" time that is a function of the loop f ater. 
This lock-up time also increases as system noise 
increases and are unreliable for modest SNR. 

There are a few other functions that may be incor- 
25 porated in the Gate Array chip; for example, the largest 
correlator value is checked to see Jf it is higher than a 
fixed threshold. If it is, a signal is generated indicating 
that the bit clock is valid 610. The framing scheme uses 
a Barker code to indicate the start of the payioad data. 
30 The presence of the Barker word is detected and gener- 
ates a signal that indicates that the next bit is part of the 
payioad 611. 

The methods described above demodulating the 
sampled subcarrier signal 601 are extendible to M-ary 

35 Phase Shift Keyed modulation. For example, DMPSK 
requires additional shift register delay stages to produce 
the M phase shifts of the sanpled modulated subcarrier 
signal and the additional XOR, accumulator and deci- 
sion circuits to decode the M parallel bit paths. 

40 The methods can also be extended to more sophis- 
ticated phase modulation schemes such as MSK (Mini- 
mum Shift Keyed). GMSK (Gaussian Minumum Shift 
Keyed), etc. For MSK, pre-computed phase transitions 
could be stored in the processor's memory. Also, for 

45 example, through computation in the processor, the Tag 
can generate a smooth transition from one phase to 
another, and thereby produce an appropriately filtered 
phase modulation to produce a GMSK-moduIated sub- 
carrier. Other phase modulation schemes are also pos- 

so sible. 

Using the above techniques as an example, an 
inexpensive, short-range, bi-directional digital radio 
communications channel is implemented. These tech- 
niques are inexpensive as the Tag components consist 
55 of (for example) a Schottky diode, an amplifier to boost 
the signal strength, bit and frame synchronization cir- 
cuits, an inexpensive 4 or 8 bit microprocessor, subcar- 
rier generation circuits, and a battery. Most of these 
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itet are already manufactured in large quantities for 
othe? applications, and thus are not overly expensive. 
The circuits mentioned above for subcarrier generation 
may also be implemented in logic surrounding the 
microprocessor core; thus, except for a relatively small 5 
amount of chip real estate, these functions come almost 
"for free." 

What has been described is merely illustrative of 
the application of the principles of the present invention. 
Other arrangements and methods can be implemented 10 
by those skilled in the art without departing from the 
spirit and scope of the present invention. 

Claims 

15 

1 . A modulated backscatter system, comprising: 

at least one transponder that receives a first 
transmitted signal and modulates a reflected 
first transmitted signal using a PSK modulated 20 
subcarrier; and 

at least one at least one interrogator having a 
transmitter that transmits said first transmitted 
signal and a receiver that receives said 
reflected first transmitted signal, said interroga- 25 
tor having a demodulator that obtains a 
received PSK modulated subcarrier signal from 
said reflected first transmitted signal, and a 
subcarrier demodulator that demodulates said 
received PSK modulated subcarrier signal. 30 

2- The modulated backscatter system of claim 1, 
wherein said PSK modulated subcarrier and said 
received PSK modulated subcarrier signals are 
QPSK signals. 35 

3. The modulated backscatter system of claim 1, 
wherein said PSK modulated subcarrier and said 
received PSK modulated subcarrier signals are 
DQPSK signals. 

4. A modulated backscatter system transponder, com- 
prising: 

an antenna that receives a first transmitted sig- 
nal; a first modulator that modulates a reflected 
first transmitted signal using a PSK modulated 
subcarrier signal; 

a second modulator that PSK modulate a sub- 
carrier signal using an encoded information 
signal to produce said modulated subcarrier 
signal; 

an encoder that gray encodes an information 
signal to produce said encoded information sig- 
nal; and 55 
a processor that produces said information sig- 
nal. 



5. The modulated backscatter system transponder of 
claim 4, wherein said encoder comprises a phase 
adder. 

6. The modulated backscatter system transponder of 
claim 5, wherein said phase adder comprises a 
modulo two adder. 

7. A modulated backscatter interrogator, comprising: 

a transmitter that transmits a first transmitted 
signal; 

■ a receiver that receives a reflected first trans- 
mitted signal; 

a demodulator that obtains a received PSK 
modulated subcarrier signal from said reflected 
first transmitted signal; and 
a subcarrrier demodulator that obtains an infor- 
mation signal from said received PSK modu- 
lated subcarrier signal. 

8. The modulated backscatter interrogator of claim 7, 
wherein said subcarrier demodulator comprises a 
shift register that receives a signal representative of 
said PSK modulated subcarrier signal. 

9. The modulated backscatter interrogator of claim 8, 
wherein said subcarrier demodulator comprises a 
least one exclusive-or device that performs an 
exclusive-or function on signals from at least two 
different outputs of said shift register. 

10. The modulated backscatter interrogator of claim 9, 
wherein said subcarrier demodulator comprises an 
accumulate and dump circuit that receives an input 
from said exclusive-or device. 



11. The modulated backscatter interrogator of claim 9, 
wherein said subcarrier demodulator comprises a 

40 data clock recovery circuit that receives an input 
from said exclusive-or device. 

1 2. The modulated backscatter interrogator of claim 1 1 , 
wherein data clock recovery circuit comprises a 

45 phase lode loop circuit. 

1 3. The modulated backscatter interrogator of claim 1 1 , 
wherein data clock recovery circuit comprises at 
least one correlator. 

50 
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